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ZOOM LENS BARREL 

This application is a division of application Ser. No. 
08/106,574, ?led Aug. 16, 1993 U.S. Pat. No. 5,488,513. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a zoom lens barrel. More 

precisely, the‘ invention relates to a zoom lens barrel having 
at least three groups of movable lenses. 

2. Description of Related Art 
There are basically two types of zoom lenses having three 

lens groups. A ?rst type has a cam ring which is provided 
with cam grooves to move the three lens groups. A second 
type includes cam grooves formed on two or more cam 
rings, which are rotated in association with each other, for 
moving the three lens groups. However, in the ?rst type, 
there is little freedom of design, since the three carn grooves 
must be formed on a single cam ring without interfering with 
each other. Consequently, it is necessary to increase the 
inclination angles of the cam grooves in order to reduce an 
angular displacemant of the cam ring from the shortest focal 
length to the longest focal length. However, the increased 
inclination angle of the cam grooves requires an increased 
force to rotate the cam ring. On the other hand, in the second 
type mentioned above, the provision of a plurality of cam 
rings requires a large space and the manufacturing cost is 
high. 

SUMMARY OF THE INVENTION 

The assignee of the present application has proposed an 
improved zoom lens barrel having two lens groups (i.e., 
front and rear lens groups), wherein a cam ring that is 
threadedly-engaged with a stationary lens barrel through a 
helicoid is provided with a threaded portion (i.e., a helicoid) 
with which a front lens frame threadedly-engages and a cam 
groove for the rear lens group (e.g., Japanese Unexamined 
Patent Publication No. HEI 3-209445, or U.S. patent appli 
cation Ser. No. 08/337,235 which is a Continuation of Ser. 
No. 08/074,723, abandoned, which is a Continuation Ser. 
No. 07/602,176, abandoned). In the improved zoom lens 
barrel mentioned above, the front lens group is engaged by 
the cam ring through the helicoid. Accordingly, the front lens 
group is resistant to shock. Furthermore, since the cam ring 
is moved in the optical axis direction while being rotated, the 
inclination of the cam groove can be made small. Accord 
ingly, a small force is required to rotate the cam ring. 
The present invention relates to further improvement in 

the zoom lens barrel described in JPP’445 mentioned above. 
Namely, the primary object of the present invention is to 
provide a simple zoom lens barrel which can be easily 
assembled. 
To achieve the object mentioned above, according to the 

present invention, a zoom lens barrel is provided which 
includes a cam ring that is threadedly engaged to a helicoid 
formed on a stationary barrel, a linear movement guide 
member that is rotatable relative to the cam ring and 
movable in an optical axis direction together with the cam 
ring.‘ At least three movable lens groups, including ?rst, 
second and third lens groups that are guided in the optical 
axis direction by the linear movement guide member. The 
?rst, second and third lens groups are located in this order 
from an object side of the zoom lens barrel. A ?rst lens frame 
that holds the ?rst lens group and is provided with a helicoid, 
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2 
wherein another helicoid is formed on the cam ring to 
engage with the helicoid of the ?rst lens frame, and a 
plurality of earn grooves are formed on the cam ring to drive 
lens groups behind the ?rst lens group. 

According to another aspect of the present invention, a 
zoom lens barrel is provided which includes a rotatable cam 
ring, an annular member that is threadedly engaged to the 
cam ring through helicoids, and a linear movement guide 
member that linearly guides the annular member in an 
optical axis direction. A linear movement guide groove 
corresponding to the linear movement guide member is 
formed on the linear movement guide member, a cutaway 
portion is formed at one end of the linear movement guide 
groove and is inclined at an angle identical to the angle of 
the helicoids between the cam ring and the annular member, 
A linear movement key that projects rearwardly from the 
inner surface of the annular member and is ?tted in the linear 
movement guide groove through the cut-away portion. 

According to still another aspect of the present invention, 
a zoom lens barrel is provided which includes a rotatable 
cam ring having at least two open-ended cam grooves 
provided on an inner peripheral surface thereof. Also pro 
vided are too moveable lens frames having cam pins which 
are ?tted in the open ends of the cam grooves of the cam 
ring, and a linear movement guide member that linearly 
guides the movable lens frames in the optical axis direction 
without rotating, wherein the open ends of the cam grooves 
are located so that the cam pins cannot simultaneously 
engage with the open ends of the corresponding cam 
grooves at a single angular position of the cam ring. 
The present disclosure relates to subject matter contained 

in Japanese patent application No. HEI 4-217919 (?led on 
Aug. 17, 1992) which is expressly incorporated herein by 
reference in its entirety. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention will be described below in detail 
with reference to the accompanying drawings, in which: 

FIG. 1 is a longitudinal sectional view of an upper half of 
a zoom lens barrel shown in a shortest focal length position, 
according to the present invention; 

FIG. 2 is a longitudinal sectional view of an upper half of 
a zoom lens barrel shown in a longest focal length position, 
according to the present invention; 

FIGS. 3 and 4 are exploded isometric views of a zoom 
lens barrel according to the present invention; 

FIG. 5 is a developed view of cam grooves provided on 
an inner peripheral surface of a cam ring, according to the 
present invention; 

FIG. 6 is a developed view of a helicoid and a gear 
provided on an outer peripheral surface of a cam ring, 
according to the present invention, by way of example; 

FIG. 7 is a developed view of a cam ring, a linear 
movement guide ring, and a ?rst lens supporting frame in 
assembly, according to the present invention; 

FIG. 8 is a developed view of a cam ring, a linear 
movement guide ring, and a ?rst lens supporting frame in 
assembly, shown in a position different from FIG. 7, accord 
ing to the present invention; 

FIG. 9 is a developed view of cam grooves of a cam ring 
and guide pins of second and third lens groups to be inserted 
in the corresponding cam grooves of the cam ring, according 
to the present invention; 
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FIG. 10 is a developed view of cam grooves of a cam ring 
and guide pins of second and third lens groups to be inserted 
in the corresponding cam grooves of the cam ring, shown in 
a position different than FIG. 9, according to the present 
invention; 

FIG. 11 is an isometric view of a single linear movement 
guide ring, according to the present invention; and, 

FIG. 12 is a longitudinal sectional view of an upper half 
of a ?rst lens frame, according to the present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

A zoom lens barrel basically includes three movable lens 
groups consisting of a ?rst lens group L1, a second lens 
group L2, and a third lens group L3. The three movable lens 
groups are moved in the optical axis direction to carry out a 
Zooming operation. To effect the focusing operation, the 
second lens group L2 is moved in the optical axis direction 
relative to the ?rst and third lens groups. 

A stationary lens barrel mechanism 10 comprises a lens 
barr 11 is secured to a camera body. A helicoid ring 12 is 
secured to stationary lens barrel 11. Stationary lens barrel 11 
is provided with linear movement guide grooves 11a extend 
ing parallel to the optical axis. The helicoid 12 is provided 
on an inner peripheral surface thereof with a female helicoid 
12a. 
The cam ring 13 is ?tted in the helicoid ring 12. The cam 

ring 13 is provided on an outer peripheral surface thereof 
with a male helicoid 13a which engages with the female 
helicoid 12a, and a spur gear 13b which is angled in the 
direction of the lead of the male helicoid 13a. The spur gear 
13b is engaged by a pinion (not shown) which rotates at a 
predetermined position. 
The cam ring 13 is provided on an inner peripheral surface 

thereof with a female helicoid 130 for the first lens group L1, 
and inner cam grooves 13d and 13a for the second and third 
lens groups L2 and L3, respectively. The inner cam grooves 
13d and 132 open at front ends thereof into the end face of 
the cam ring 13. The inner cam grooves 13d and 13a each 
include a plurality of grooves spaced in the circumferential 
direction of the cam ring 13 and are formed by partially 
cutting away the female helicoid 130. 
A linear movement guide ring 14 is ?tted in the cam ring 

13. The linear movement guide ring 14 is provided on the 
rear end thereof with an outer ?ange 14a which engages with 
an inner ?ange 13f of the cam ring .13. A linear movement 
guide plate 15 is secured to the rear end of the linear 
movement guide ring 14 by machine screws 16 to rotatably 
hold the inner ?ange 13f between the linear movement guide 
plate 15 and the outer ?ange 14a. The linear movement 
guide plate 15 has radial projections 15a which are ?tted in 
the linear movement guide grooves 11a of the stationary 
barrel 11. Consequently, the linear movement guide ring 14 
is rotatable relative to the cam ring 13 and moves in the 
optical axis direction together with the cam ring 13. 
A ?rst lens frame 18, to which the ?rst lens group L1 is 

secured is provided with a male helicoid 18a which is 
engaged by the female helicoid 13c of the cam ring 13. The 
directions of the leads of the female helicoid 13c and the 
male helicoid 18a are opposite to those of the female 
helicoid 12a and the male helicoid 13a. Cam pins 20, 
provided on the outer peripheral surface of a second lens 
moving frame 19 are ?tted in the inner cam groove 13d of 
the cam ring 13. Similarly, cam pins 22, provided on the 
outer peripheral surface of a third lens frame 21 to which the 
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4 
third lens group L3 is secured are ?tted in the inner Cam 
groove 13s of the cam ring 13. 
A second lens frame 25, to which the second lens group 

L2 is secured is provided with a threaded portion 26 which 
is screw-engaged in an AF/AE unit 24. The AF/AE unit 24 
is secured to the second lens moving frame 19. The AE/AF 
unit 24 is provided with a drive pin 24a which is rotated by 
an angular displacement in accordance with object distance 
data. The drive pin 24a is engaged by an association arm 25a 
which projects from the second lens frame 25 in the radial 
direction. Consequently, the second lens frame 25, and 
accordingly the second lens L2 are moved in the optical axis 
direction in accordance with the angular displacement of the 
drive pin 24a and the lead of the threaded portion 26 of the 
second lens frame 25 to effect the focusing operation. The 
AE/AF unit 24 opens and closes shutter blades 25b in 
accordance with brightness data of an object to be photo 
graphed when a shutter is released. 
The ?rst lens frame 18 (i.e., ?rst lens group L1), the 

second lens moving frame 19 (i.e., second lens group L2), 
and the third lens frame 21 (i.e., third lens group L3) are 
linearly guided by the linear movement guide ring 14. 
Namely, the ?rst lens frame 18 is provided on the inner 
peripheral surface thereof with linear movement keys 1812 
which are ?tted in the linear movement guide grooves 14b 
(FIG. 11) formed on the outer surface of the linear move 
ment guide ring 14, as can be seen in FIG. 12. The second 
lens moving frame 19 and the third lens frame 21 are 
provided on the outer surfaces thereof with linear movement 
keys 19a and 21a which extend parallel to the optical axis 
and which are ?tted in the linear movement guide grooves 
140 and 14d formed on the inner surface of the linear 
movement guide ring 14 and extending in the optical axis 
direction, respectively. The cam pins 20 and 22 are secured 
to the rear ends of the linear movement guide grooves 140 
and 14d, so as be ?tted in the inner cam grooves 13d and 
13e, respectively. 
A light intercepting bellows 29 is provided between the 

?rst lens frame 18 and the second lens moving frame 19 
through a bellows mounting ring 28. A compression 
spring 30 is inserted between the second lens moving 
frame 19 and the third lens frame 21 to bias them away 
from one another. The coil spring 30 absorbs play 
between the cam pins 20 and the inner cam groove 13d, 
and between the cam pins 22 and the inner cam groove 
13e, respectively. 

The cam ring 13 is provided on the front end thereof with 
a light intercepting ring 31 which comes into sliding contact 
with the outer peripheral surface of the ?rst lens frame 18. 
A cover 33 having a photographing aperture 32 and a barrier 
block 35 having barriers 34, which open and close the 
photographing aperture, are provided on the front end of the 
?rst lens frame 18. 
The zoom lens barrel, as constructed above operates as 

follows. 
When the pinion (not shown), which engages with the 

spur gear 13b of the cam ring 13, is rotated by the motor (not 
shown) towards the shortest focal length position shown in 
FIG. 1, the cam ring 13 is advanced in the optical axis 
direction, in accordance with the engagement of the male 
helicoid 13a and the female helicoid 12a. As a result, the 
?rst lens frame 18, which is guided by the linear movement 
guide ring 14, is further advanced with respect to the cam 
ring 13, in accordance with the relationship between the 
male helicoid 18a and the female helicoid 130 having 
different lead directions, the of helicoids 12a and 13a 

Similarly, the rotation of the cam ring 13 causes the 
second lens moving frame 19 and the third lens frame 21, 
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which are both guided by the linear movement guide ring 14, 
to move forward in the optical axis direction, in accordance 
with the pro?les of the inner cam grooves 13d and 13a of the 
cam ring 13 to thereby effect the zooming operation, since 
the respective cam pins 20 and 22 are ?tted in the corre 
sponding inner cam grooves 13d and Be. 
The displacement of the ?rst lens group L1 in the optical 

axis direction during the zooming operation is identical to 
the axial displacement of the cam ring 13 caused by the 
female and male helicoids 12a and 13a plus the axial 
displacement of the ?rst lens frame 18 caused by the female 
and male helicoids 13c and 18a. The axial displacement of 
the second and third lens groups L2 and L3 is identical to the 
axial displacement of the cam ring 13 caused by the female 
and male helicoids 12a and 13a plus the axial displacement 
of the second lens moving frame 19 and the third lens frame 
21 caused by the inner cam grooves 13d and 13e. Therefore, 
it is possible to obtain a large axial displacement of the ?rst, 
second and third lens groups L1, 52 and L3 by a small 
angular displacement of the cam ring 13. Moreover, the 
inclination angle of the inner cam grooves 13d and 1312 can 
be decreased. Accordingly, the cam ring 13 can be rotated by 
a small driving force. 

It should be recalled here that the second lens group L2 
and the third lens group L3 are continuously biased by the 
compression coil spring 30 away from one another to 
eliminate play between the inner cam grooves 13d and 13e, 
and the corresponding cam pins 20 and 22. Accordingly, the 
present invention can be advantageously used particularly 
when the second lens group L2 and the third lens group L3 
are highly sensitive. FIGS. 7 and 8 show a guide means 
provided on the linear movement guide ring 14 for deter 
mining an engagement position in which the screw-engage 
ment of the female helicoid 13c of the cam ring 13 and the 
male helicoid 18a of the ?rst lens frame 18 in the circum 
ferential direction begins. 
The threaded-engagement of the female helicoid 13c and 

the male helicoid 18a must begin at a speci?c position to 
determine the axial position of the ?rst lens frame 18 (i.e., 
?rst lens group L1). Accordingly, the inlet ends of the linear 
movement guide grooves 14 are provided with inclined 
guide surfaces or (or cut-away portion) 142 whose angles 
correspond to the lead of the male helicoid 18a. Further 
more, the linear movement guide ring 14 is provided on the 
rear end thereof with a stop projection 14f and a threaded 
hole 14g for a stop screw 14h (see FIG. 8). The stop 
projection 14f is ?tted in a rotation restricting groove 133 
formed in the rear end of the cam ring 13. Upon assembling 
the cam ring 13, the linear movement guide ring 14, and the 
?rst lens frame 18, the cam ring 13 is rotated with respect to 
the linear movement guide ring 14 in the clockwise direction 
as viewed from the ?lm plane side, as shown in FIG. 7, so 
that one end of the rotation restricting groove 13g comes into 
contact with the stop projection 14f. This is a reference 
position (corresponding to the speci?c engagement position) 
in which the cam ring 13 is rotated beyond the longest focal 
length position. In this state, the male helicoid 18a of the 
?rst lens frame 18 is engaged by the female helicoid 130 of 
the cam ring 13, should be appreciated that the guide 
surfaces Me and the linear movement keys 18b are placed 
so that the male helicoid 18a of the ?rst lens frame 18 can 
be engaged by the female helicoid 130 of the cam ring 13 
only in the reference position in which the linear movement 
keys 18b projecting backward from the inner surface of the 
?rst lens frame 18 is guided by the guide surfaces 142 to be 
?tted in the linear movement guide grooves 14b. Thus, the 
male helicoid 18a of the ?rst lens frame 18 can be engaged 
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6 
by the female helicoid 13c of the cam ring 13 at the speci?c 
engagement position. 

In the engagement position in which the male helicoid 
18a engages with the female helicoid 13c, when the cam 
ring 13 is rotated in the counterclockwise direction as 
viewed from the ?lm plane side, the stop projection 14f 
comes away from the one end of the rotation restricting 
groove 13g. Thereafter, the stop screw 14h is screwed in the 
threaded hole 14g to complete the assembly. In this state, 
since the rotation of the cam ring 13 is mechanically limited 
by the stop screw 14h and the other end of the rotation 
resuicting groove 13g, the ?rst lens frame 18 will not be 
detached. 
FIGS. 9 and 10 show the engagement processes of the 

second lens moving frame 19 and the third lens frame 21, 
both of which are biased away from each other to come 
away by the compression coil spring 30, into the associated 
inner cam grooves 13d and 13e of the cam ring 13. Upon 
engaging the second lens moving frame 19 and the third lens 
frame 21 in the inner cam grooves 13d and 13e, the cam pins 
22 on the linear movement keys 21a of the third lens frame 
21, which is guided by the linear movement guide grooves 
14d of the linear movement guide ring 14, are ?rst inserted 
in the inner cam groove 13e. The cam ring 13 is then rotated 
relative to the linear movement guide ring 14. Thereafter, the 
cam pins 20 on the linear movement keys 19a of the second 
lens moving frame 19 which is guided by the linear move 
ment guide grooves 140 of the linear movement guide ring 
14, are inserted in the inner cam groove 13d. Namely, as can 
be seen in FIG. 9, the ends of the linear movement guide 
grooves 14d are registered with the ends of the correspond 
ing inner cam groove 13e, and the cam pins 22 (i.e., third 
lens group L3), which is guided by the linear movement 
guide grooves 14d, are inserted in the end of the inner cam 
groove 13e. In this state, the linear movement guide ring 14 
is rotated relative to the cam ring 13 by an angle or so that 
the ends of the linear movement guide grooves 140 are 
registered with the end of the inner cam groove 13d. 
Consequently, the cam pins 22 are moved into the inner cam 
groove 13e. Thereafter, the second lens moving frame 19 
(i.e., second lens group L2) is pressed towards the cam ring 
13, so that the cam pins 20 are moved in the linear portion 
13d’of the inner cam groove 13d, as shown in FIG. 10. 
Thereafter, the linear movement guide ring 14 is further 
rotated relative to the cam ring 13 to complete the assembly. 

Assuming that the positions (i.e., reference positions) of 
the cam pins 20 and 22 at the longest focal length position 
of the zoom lens barrel as constructed above are P and Q, 
respectively, the distance (i.e., angle) 6 of the inner cam 
groove 13e, in which the cam pins 22 are ?rst inserted 
between the point Q and the open end of the inner cam 
groove 13a, is larger than the distance (i.e., angle) 9-ot of the 
inner cam groove 13d in which the cam pins 20 are secondly 
inserted between the point P and the open end of the inner 
cam groove 13d. Due to the angle difference, the cam pins 
22 (i.e., third lens group L3) are ?rst introduced into the 
inner cam groove 13e. Thereafter, the cam pins 20 (i.e., 
second lens group L2) are introduced in the inner cam 
groove 13d. 
As can be understood from the above discussion, in a 

zoom lens barrel having three lens groups according to the 
present invention, since the cam ring is moved in the optical 
axis direction while rotating, the inclination angles of the 
cam grooves for the second lens group and the subsequent 
lens group or groups, which are formed on the cam ring, can 
be decreased. Accordingly, the cam ring can be rotated with 
a small drive force. Moreover, since the ?rst lens group L1 
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is screw-engaged by the cam ring through the helicoids, 
large axial displacements of the ?rst, second and third lens 
groups L1, L2 and L3 can be obtained by a small angular and 
linear displacement of the cam ring. 

Furthermore, since all of the three movable lens groups 
are guided by the linear movement guide member, which is 
rotatable relative to the earn ring and movable together with 
the cam ring in the axial direction, the linear movement 
mechanism can be simpli?ed. In addition to the foregoing, 
since a guide means is provided on the linear movement 
guide member to determine a position at which the cam ring 
and the ?rst lens group supporting frame (i.e., ?rst lens 
frame) are engaged in the circumferential direction, the 
assembly can be simpli?ed. 
What is claimed is: 
1. A zoom lens barrel, comprising: 
a cam ring that is threadedly engaged to a female helicoid 

formed in a stationary barrel; 
a linear movement guide member that is rotatable relative 

to said cam ring and movable in an optical axis direc 
tion together with said cam ring; 

at least three movable lens groups, including ?rst, second 
and third lens groups that are guided in said optical axis 
direction by said linear movement guide member, said 
?rst, second and third lens groups being located in this 
order from an object side of said zoom lens barrel; 

a ?rst lens frame that holds said ?rst lens group and is 
provided with a helicoid, wherein another helicoid is 
formed on said cam ring to engage with said helicoid of 
said ?rst lens frame; 

a plurality of cam grooves formed on said cam ring to 
drive said second and third lens groups behind said ?rst 
lens group; 

wherein said helicoid on the ?rst lens frame is a male 
helicoid, and said helicoid on said carn ring is a female 
helicoid. 

2. The zoom lens barrel of claim 1, further comprising: 
a guide means provided on said linear movement guide 
member for determining a position at which said 
female helicoid on said cam ring becomes threadedly 
engaged with said male helicoid on said ?rst lens frame 
in a circumferential direction. 

3. The zoom lens barrel of claim 2, wherein said guide 
means comprises: 

a linear movement guide groove for said ?rst lens group 
that is provided on said linear guide member; 
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8 
a cut-away portion formed at one end of said linear s 

guide groove and inclined at an angle identical to the 
angle of said cam ring helicoid, and a linear movement 
guide projection that projects rearwardly from said 
inner surface of said ?rst lens frame and that can be 
?tted in said linear movement guide groove through 
said cut-away portion. 

4. A zoom lens barrel, comprising: 
a rotatable earn ring; 

an annular member that is threadedly engaged to said cam 
ring through helicoids; 

a linear movement guide member that linearly guides said 
annular member in an optical axis direction; 

a linear movement guide groove corresponding to said 
linear movement guide member which is formed on 
said linear movement guide member; 

a cut-away portion formed at one end of said linear 
movement guide groove and inclined at an angle iden 
tical to the angle of said helicoids between said cam 
ring and said annular member; and, 

a linear movement key that projects rearwardly from an 
inner surface of said annular member and is ?tted in 
said linear movement guide groove through said cut 
away portion. 

5. The zoom lens barrel of claim 4, wherein said annular 
member is a lens frame, and wherein said lens frame holds 
a lens group. 

6. A zoom lens barrel, comprising: 
a rotatable driving ring; 
an annular member threadedly engagable with said driv 

ing ring through at least one helicoid; 
a linear movement guide member for linearly guiding said 

annular member in an optical axis direction; 
a linear movement guide groove formed on said linear 
movement guide member; 

a cut-away portion formed at one end of said linear 
movement guide groove and inclined at a substantially 
same angle as an angle of said at least one helicoid; and 

a linear movement key projecting rearwardly from an 
inner surface of said annular member and insertable in 
said linear movement guide groove through said cut 
away portion. 

7. The zoom lens barrel of claim 6, said annular member 
comprising a lens frame for holding at least one lens. 

***** 
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